[Translation of Laid-open Patent Application No. H[eisei] 3-60251; pp. 309 - 316] 
[Page 309] 



(51) Int. CI. 
H04L 27/18 
H 04 B 7/26 



(54) Name of Invention 

(72) Inventor 
(72) Inventor 
(72) Inventor 
(71) Applicant 
(74) Agent 
[Left Column] 



® Japan Patent Office (JP) ® Laid-Open Patent Application 

( 1 2)Laid Open Patent Official Gazette (A) Hei[sei]3-6025 1 

Identification Symbols Patent Office Internal (43) Laid-open 

Z Control Numbers [Date]: March 15, 

C 9077-5K 1991 

7608-5K 

Examination Request: Not Requested yet No. of 
inventions: 1 (8 pages altogether) 



Modulator 

(21) Patent Application: H[eisei] 1-193944 

(22) Application: July 28, 1989 
Mamoru Sawahashi 



Kazuaki Murota 

Kenkichi Hirade 

Nippon Telegraph and 
Telephone Corporation 
Patent Agent: Takashi Honma 



c/o Nippon Telegraph 
1-1-6 Uchisaiwai-cho, 
c/o Nippon Telegraph 
1-1-6 Uchisaiwai-cho, 
c/o Nippon Telegraph 
1-1-6 Uchisaiwai-cho, 
1-1-6 Uchisaiwai-cho, 



and Telephone Corporation 

Chiyoda-ku, Tokyo 

and Telephone Corporation 

Chiyoda-ku, Tokyo 

and Telephone Corporation 

Chiyoda-ku, Tokyo 

Chiyoda-ku, Tokyo 



Specification 

1. Name of Invention 

Modulator 

2. Scope of Claims of Patent 

A modulator: 

having a means to convert inputted signals into multiple series of signals with different transmission speeds, 
and having one or two modulation elements per each kind of modulation method that apply band restrictions to inputted 
signals and that output I channel or Q channel signals on the basis of offset frequency signals; and which is 
characterized by being provided with a digital modulation part, in connection with which the above-stated band 
restriction widths and offset frequencies for each modulation element can be instructed from outside; a means to 
selectively connect the above-stated signals that were converted to multiple series of signals to each of the modulation 
elements pursuant to the instructions from outside; a means to digitally add I channel and Q channel signals from each 
of the above-stated modulation elements and convert each sum into analog quantity; and a crossflow modulator part 
which performs crossflow modulation on the above-stated analog I channel and Q channel signals. 



[Right Column] 



3. Detailed Description of the Invention 
(Field of [its] Industrial Use) 

The present invention relates to a modulator suitable for mobile communication using SCPC Method. 

Specifically, it relates to a modulator which has multiple modulator functions such as frequency modulation, 
phase modulation and amplitude phase modulation and which can select one of them at a high speed pursuant to an 
instruction from outside. 
(Conventional Technology) 

Current mobile communication [equipment] such as automobile telephones and pagers uses SCPC Method 
(Single-Channel Per Carrier [sic]) which assigns one channel per one frequency band. In this case, a frequency interval 
used by each channel is fixed, and currently, channel intervals with analog automobile telephones are 25 kHz and 12.5 
kHz. 
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It seems that transmissions of digital signals will be put to practical use in mobile communication toward 
building of the mobile communication ISDN in the future, and that transmission signals will include, in addition to the 
current voice [signals], data and image information. 

As for channel access methods in the digital mobile communication, one thinks of TDMA method and SCPC 
method. When SCPC method is used, normally, channel intervals are said to be fixed. 

Since [digital] transmission signals can be many types as stated above, however, a band necessary for each 
[type of digital transmission signals] may be different. 

For example, there are many different types, such as 4.8 kb/s (kilo-bit per second) for sending facsimiles, 2.4 
kb/s for data [transmission] and 16 kb/s required for voice [signals], etc. This is not only caused in part by substance of 
original signals but also in part by redundancy. 

Accordingly, qualities of lines required to accurately transmit these signals are also different for each type of 
signals. In terms of signal error rate, for facsimiles: approximately 10' 3 ~ 10" 4 is good enough for facsimiles; for voice, 
approximately 10" 3 is good enough; and for data transmission such as personal computer communication, 10" 4 or less is 
required. Therefore, in connection with data transmission and facsimile transmission, for example, that would require 
strict quality, since there is more room to spare with respect to transmission speeds than in the case of the voice, it 
seems possible that an application of error control will make [the transmission] more reliable. 

Even so, however, an appropriate band width will not be the same for each [type of] transmission signal. 

Digital modulation methods used in mobile communication include frequency modulation (FSK), phase 
modulation (PSK), and amplitude phase modulation (QAM). PSK can be 2-phase PSK (BPSK), 4-phase PSK (QPSK), 
8-phase PSK, et al, depending on numbers of multiple values. As is well-known, the more the multiple values, the less 
margin for noises will be, so a code error rate for the same reception level will deteriorate. 

In the SCPC method, depending on a necessary transmission speed and required quality, an optimum 
modulation method was determined, and 
[Bottom Left Column] 

Once the modulation method was determined by a system in such a way in the past, a technology that would secure 
good transmission quality was applied under that modulation method. 

(Problem intended to be solved by the invention) 

When a mobile station moves around a radio zone surrounding a base station, a land mobile transfer 
characteristic can be expressed in terms of three [fluctuation factors]: distance fluctuation following fluctuation in a 
distance between the mobile station and the base station; central value fluctuation generated by influence by something 
else such as buildings surrounding the mobile station; and instantaneous value fluctuation generated by irregular 
reflection [of radio waves] caused by such things as buildings. 

An instantaneous value fluctuation would be Rayleigh fading which is fast-pitched and of which dipping is 
deep. Various types of diversity technology can be applied to secure signal transmission quality against this. 

Even now, [diversity technology] is used such as reception diversity in which two reception systems are 
provided in a mobile unit and signals received with greater reception strength are selected, a wave-shape offset method 
in which a diversity effect can be expected near a border of a [radio] zone with signals simultaneously transmitted from 
multiple base stations with slightly varying frequencies or with slightly different wave shapes and frequency offset type 
diversity. 

[Bottom Right Column] 

Also, as for the distance fluctuation, transmission power control is exerted by a base station. Under this, 
information on a reception level is conveyed to the other side, and control is exerted over transmission power such that 
the [transmission] level may stay constant. This is effective in reducing channel interference. This is the only 
parameter that can exert control over changes to transfer conditions caused mainly by short or long distances between a 
base station and a mobile station. 

Thus, since transmission speeds were not made variable depending on substance of signals to be transmitted, 
nor was a modulation method made variable, there were cases in which transmission quality and frequency bands 
would be excessive. 

Since the conventional method transmitted almost all voice data, it did not become much of a problem, but as 
substance of signals to be transmitted gets diversified in the future, it is possible that these will become problems. 
From the perspective of using frequencies effectively, the purpose of the present invention is: 
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depending on changes to conditions of signal transmission lines mainly due to distance fluctuations, if signal transfer 
conditions are good, to transmit signals at high bit rates by using multiple value variable demodulation which has a 
good frequency efficiency or by broadening a signal transmission band; to use a modulation/demodulation method with 
a good error rate to secure transmission quality or to carry out transmission by making the signal transmission band 
narrower if the transfer conditions surrounding the zone are poor; and to provide a modulation/demodulation circuit to 
be used for such purposes. 
(Means to solve the problem) 

In accordance with the present invention, the above-stated purposes are accomplished by means described int 
the above-stated Scope of Claims of the Patent. 

In other words, the present invention is: 

A modulator having a means to convert inputted signals into multiple series of signals with different 
transmission speeds, and having one or two modulation elements per each kind of modulation method that apply band 
restrictions to inputted signals and that output I channel or Q channel signals on the basis of offset frequency signals; 
[Top Right Column] 

and which is characterized by being provided with a digital modulation part, in connection with which the above-stated 
band restriction widths and offset frequencies for each modulation element can be instructed from outside; a means to 
selectively connect the above-stated signals that were converted to multiple series of signals to each of the modulation 
elements pursuant to the instructions from outside; a means to digitally add I channel and Q channel signals from each 
of the above-stated modulation elements and convert each sum into analog quantity; and a quadrature modulator part 
which performs quadrature modulation on the above-stated analog I channel and Q channel signals. 
(Effect) 

A modulator in accordance with the present invention, while those [transmission signal bit rates] of a 
conventional modulation/demodulation method were fixed, makes it possible to transmit [signals] in an adaptive 
manner by making the transmission signal bit rates variable and by control signals that exert control in response to 
conditions of transmission lines. 

When a modulator with multiple modes with variable modulation methods is to be realized, it is not practical 
to [simply] place many of each type of modulators side by side individually. 

Accordingly, [what was realized] comprises a modulator that can vary its modulation methods and signal 
[Bottom Left Column] 

bands with a digital signal processing circuit of the base band and that is capable of specifying a channel with base- 
band signals. 

A specific structure and operation, etc., of a modulator in accordance with the present invention are described 
below on the basis of an embodiment. 
(Embodiment) 

One embodiment in accordance with the present invention is described as follows. 

Figure 1 shows a structure of a digital modulator with base band channel access variable modes and variable 
bands: 1-1 is a data input terminal; 1-2, an RF signal output terminal; 1-3, a control circuit; 1-4, serial/parallel 
conversion circuit; 1-5, a channel selector (a channel designator); 1-6, a modulation part; 1-7, adding device; 1-8, a D/A 
converter (D/A); and 1-9, a crossflow modulator. 

In the present embodiment, a serial/parallel conversion circuit 1-4 is an example case in which inputted data 
are to be converted to multiple series data with a lower speed and to be divided into four by a channel selector 1-5. 
[Bottom Right Column] 

A modulation part 1-6 shows a case in which 16QAM, QPSK and GMSK are used. 
Modulation elements, QPSK and GMSK, will be discussed later. As in this example, 16QAM and QPSK modulate 2 

series of input data and GMSK, 1 series. 
In other words, signals are inputted to the 16QAM modulation element from the selector of channel CH (1); to the 
QPSK (1) modulation element, from the selector of channel CH (1); to the QPSK (2) modulation element, from the 

selector of channel CH (2), respectively. 
Signals are inputted to GMSK (1) - GMSK (4) modulation elements from the selectors of respectively 
corresponding channels CH (1) ~~ CH (4). 

Band restriction is placed on these modulation elements by a signal processor which are mainly comprised of 
ROM (read only memory) and RAM (random access memory), and certain predetermined offset frequencies are 
applied [thereto]. 

Such band restriction and offset information is received from control circuits 1-3. 
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Since output from the modulation element is amplitude information on the phase portion and quadrature portion of the 
said [element], amplitude envelope signals for every phase portion and every cross flow portion are added up by adding 
devices 1 - 7, and each is converted to analog signals by D/A converters 1 - 8. After higher harmonic components] 
are removed, RF modulated signals are generated by quadrature modulators 1-9. As for the quadrature modulators 1 
- 9, such a structure as is disclosed in Laid-open Patent Application No. HI -428 15 can be used [for its structure]. 
Also, a specific example of a GMSK modulation element is show in Figure 2. 

In other words, Figure 2 is a [block] diagram showing an example of how a central frequency offset GMSK 
modulator is composed: 2-1 is a data input terminal; 2-2, a channel designating terminal; 2-3, an I channel output 
terminal; 2-4, a Q channel output terminal; 2-5, a Gaussian ROM filter; 2-6, an adding device; 2-7, an integrator; 2-8, a 
ROM COS table; and 2-9, a ROM SIN table. 

After band restrictions are applied to inputted data by the Gaussian ROM filter 2-5, 
[Top Right Column] 

only those parts [of the inputted data] that are in carrier frequencies corresponding to channels are added up by the 
adding devices 2-6, and after they are converted to a phase amount by integration, by removing COS and SIN 
components [therefrom], amplitude information on the said phase portion and quadrature portion to be inputted into the 
quadrature modulator can be generated. 

Also, a specific example of a QPSK modulation element is shown in Figure 3. 

In other words, Figure 3 is a [block] diagram showing an example of how a central frequency offset QPSK 
modulator is composed: 3-1 is a data input terminal; 3-3, an I channel output terminal; 3-4, a Q channel output 
terminal; 3-5, a ROM roll off filter; and 3-6, a multiplier. 

In the present example, after band restrictions are applied by ROM roll off filter 3-5 to each of inputted data 
rows of two series respectively, [the inputted data] are multiplied with carrier frequency components] by the multiplier 
3-6 to generate amplitude information on the said phase portion and quadrature portion. 

Next, another embodiment using a modulator in accordance with the present invention is described [as 

follows]. 

Depending on received signal [strength] level or error rate characteristic of received signals, [the next 
[Bottom Left Column] 

embodiment] can vary these modulation methods and signal transmission speeds in an adaptive manner. 

Figure 4 shows a concept diagram describing how modulation/demodulation methods are varied in an 
adaptive manner. 

A case shown has [modulators of] 16QAM, QPSK and GMSK in order from above. QPSK is capable of 
transmitting twice as much information as GMSK, and 16QAM, four times as much information. If signal transfer 
conditions are not so good, GMSK method that has greater noise resistance is to be used, as indicated in the figure, and 
if the signal transfer conditions are good, a modulation method that has good frequency utilization efficiency such as 
16QAM modulation method is to be used. 

If data with the same transmission speed is modulated by each modulation method, 16QAM needs only l A of 
a frequency band width needed by GMSK. In other words, switching modulation methods is tantamount to switching 
signal transmission bands. 

Accordingly, in order to use the present modulator effectively, it is necessary to have a variable band filter 
and a demodulator for exclusive use within a receiver. 
[Bottom Right Column] 

In a current mobile unit of double conversion type, a ceramic filter is used as the second IF filter to attenuate 
adjacent channel signals, and a receiving signal band is fixed. In order to transmit signals in an adaptive manner, on the 
receiving side, filter band widths that responds to transmission signal speeds are realized with a variable band filter 
comprised of an active filter, and adjacent unnecessary signal components are removed. The first IP filter to remove 
image signals generated by the second mixer is comprised of SAW (surface elastic wave) filter, and the second IF filter 

is comprised of a filter that uses both SCF (switched capacitor filter) ■ MSOFET - C (Continuous) proposed in Pa[tent] 
[Laidl-open S62-3 13339 and Pa[tentJ [Laid]-open S62 -298780. 

Figure 5 shows an example of a structure of a variable band filter that uses both SCF ■ MOSFET - C which 
performs filtering by taking advantage of loop back signals due to sampling and [in such a manner] by reducing a 
relative signal band width. 

This is comprised mainly of a switched capacitor main filter 5-2. 
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This is capable of varying filter frequency characteristics by electric control signals. 

A synchronization demodulator can be used to demodulate digital FM signals, digital PM signals or QAM 
signals. A clock signal regenerator and a carrier wave signal regenerator can be comprised of digital processing 
circuits] and by changing clock signals, they can demodulate various bit rate signals. 

A structure of a mobile radio unit using a modulator in accordance with the present invention is shown in 
Figure 6. In the said figure, 6-1 is a data input terminal; 6-2, a base band digital processor; 6-3, a mixer; 6-4, a power 
amplifier; 6-5, an antenna; 6-6, a commonly shared part; 6-7, a variable band filter; 6-8, a demodulator; 6-9, a control 
circuit; and 6-10, a frequency synthesizer. 

A base band digital signal processor 6-2 which is a modulation circuit, is a modulation circuit in accordance 
with the present invention shown in Figure 1. A transmission part is comprised of 
[Top Right Column] 

the said base band digital signal processor 6-2 which is a demodulator, a mixer 6-3, and a power amplifier 6-4. 

A receiving part is comprised of a commonly shared part 6-6, a mixer 6-3, a frequency synthesizer for station 
generation [unknown expression - kyokuhatsuyo?] 6-10, a variable band filter 6-7, a demodulator 6-8 and a control 
circuit 6-9. 

The said variable band filter 6-7 is what is shown in Figure 5. 

Based on information on received signal [strength] levels and received signal error rates, the control circuit 6- 
9 controls modulation/demodulation methods and signal transmission bands. 

Figure 7 shows a [radio communication] system comprised using the said radio unit. In the figure, 7-1 is a 
base station; 7-2, a mobile station; 7-3, a data input terminal; 7-4, a base band digital signal processor; 7-5, a mixer; 7-6, 
a power amplifier; 7-7, an antenna; 7-8, a frequency synthesizer; 7-9, an RF filter; 7-10, first IF filter; 7-1 1, an 
oscillator; 7-12, second IF filter (a variable band IF filter); 7-13, 
[Bottom Left Column] 

either an AGC or a limiter; 7-14, a signal level detector; and 7-15, a control circuit. 

This system pertains to a case in which modulation/demodulation methods and band widths can be adaptively 
controlled depending on radio [transmission] conditions from a base station to a mobile station, and [transmission] lines 
from a mobile station to a base station can also be similarly comprised. 

After adjacent channel signals are removed by the second IF filter 7-12, an average value of envelope level of 
IF received signals detected by detector 7-14 is computed by a microprocessor in a control circuit 7-15. The said 
temporal average value of the received signal level is compared with a standard value that was set in advance, and 
control signals for modulation methods or signal bands corresponding to set levels are transmitted to the base station at 
the same time as transmission signals. At the base station, modulation methods and signal transmission speeds are set 
up at the base band digital processor 7-4 by the control signals. 

At the mobile station, a corresponding band width is set up by controlling a variable band IF filter 7-12. 
[Top Right Column] 
(Effect of the invention) 

As described above, since it becomes possible, by using a modulator in accordance with the present invention, 
to vary signal band widths of a transmitter and a receiver depending on a band required for signals to be transmitted 
and thus to use a minimum band width required for signal transmission, it is advantageous in terms of effective 
utilization of frequencies. If transmission conditions are good, signals can be converted into signals of multiple values 
and transmitted as such, so it becomes possible to lower a symbol rate and to make a signal band narrower. 

In addition, conventionally, where transmission conditions are poor such as near a periphery of the zone, 
transmission power of a base/mobile stations had to be increased so that an average reception level at the base/mobile 
stations can be improved. By making modulation methods variable, however, it is possible to use lower transmission 
powers at the mobile/base stations. 

4. Simple description of figures 

Figure 1 shows an example of a structure of a base band channel access variable mode[s] and a variable band 
[width] digital modulator. Figure 2 shows an example of a structure of a GMSK modulator. 
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[Top Left Column] 

Figure 3 shows an example of a structure of a QPSK modulator. Figure 4 is a drawing to describe a concept of 
adaptively varying modulation/demodulation methods. Figure 5 shows an example of a structure of a variable band 
filter. Figure 6 shows a structure of a mobile radio unit using a modulator in accordance with the present invention. 
Figure 7 shows another embodiment of the present invention. 
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